application of calcium improves growth, yield and quality of tomato cultivars.
Introduction
Tomato (Lycopersicon esculentum Mill.) belongs to the family solanaceae.The genus Lycopersicon consists of annual and short lived perennial herbaceous plants. It is originated in tropical America where it was locally known as tomtit. After Europe tomato was taken to Asia from Mexico. Tomato is a typical day neutral plant and is mainly self-pollinated with diploid chromosome number (2n=24). It is a warm season crop reasonably resistant to heat and drought and grown under wide range of soil and climatic conditions. Tomato is native of the west coast of south america (Mexico and Peru) and was cultivated by the Red Indians about 500 B.C long before the arrival of spaniards.In world vegetable production tomato rank next to potato. Tomato contain important mineral and antioxidant such as carotenoids, lycopene, vitamin C and E [1] and phenolic compounds which play a vital role in human nutrition to reduce chances of cardiovascular disease and certain cancer disease. Tomatoes are used in various ways such as sun dried tomatoes, tomato sauces, tomato juice, tomato soup, tomato ketchup and fresh tomato as salad [2] .In Pakistan, area under tomato cultivation was 53.40 thousand hectares with the total production of 561.90 thousand tones, In which Khyber Pukhtunkhwa contributed 16 .50 thousand hectares that have a production of 161.80 thousand tones with an average yield of 9.8 tons ha -1 [3] . However sandy loam soil is considered best for early crop. Highest yields can be obtained by growing tomato in loam, clay loam and silty loam having enough organic matter [4] .Optimum amount of nutrients are required for better growth and higher yield of tomato. For good yield, 20-25 ton ha -1 , well rotten Farm Yard Manure should be incorporated in the soil at the time of soil preparation. About 80 kg ha -1 P and 40 kg ha -1 K should be applied at the time of transplanting while 100 kg of N should be applied in three split doses [5] .Generally, a balanced supply of nutrients is essential for optimum yield and fruit quality. Calcium is an important nutrient that plays a key role in the structure of cell walls and cell membranes, fruit growth and development, as well as general fruit quality [6] . It enhances resistance to bacterial and viral diseases. The Ca taken up from the soil is translocated to the leaves but very little goes from the leaves to the fruit (7). Therefore, plants need a constant supply of Ca for vigorous leaf and root development and canopy growth [8] . Calcium increase cell wall thickness and strengthens the cell. As an important component of cell wall, calcium availability significantly strengthen the cell wall and enhances structural integrity of stem and quality fruit. Calcium deficiency results in more than 30 disorders in various crops. Calcium deficiency not only cause physiological disorders but also influence some aspects particularly in fruits such as decline in respiration rate, delaying ripening, enhancing shelf life, vitamin C contents and fruit firmness [9] .. The soluble calcium fertilizer, either calcium nitrate or calcium chloride precipitates carbonate component from the solutions as a calcium carbonate. Ultimately, the pH of concentrated fertilizer solution is reduced and less ammonia is lost [10] . Calcium also plays a vital role in enhancing cell wall integrity, cell growth, cell division, nitrogen assimilation and acting as a cofactor for some enzymes [11] . The present research study was planned out to find out the best high yielding tomato cultivar under optimum concentration of calcium application.
Materials and methods Experimental site and design
This present research study was investigated at Agricultural Research Institute (North) Mingora, Swat (35° 22' 42" North, 72° 10' 47" East) during summer 2012. The experimental was conducted in Randomized Complete Block Design with two factor factorial arrangement i.e Tomato cultivars (Super Classic, Rio-grand, Bambino and Roma) and different concentration of calcium (0, 0.5, 1.0 and 1.5%) having three replication. Experimental treatment and procedure There were sixteen (16) treatments in each replication. The distance between plant to plant and row to row 10 cm and 30 cm away from each other respectively. Each replication was consisting of four sub plots each of size 4×4 m 2 . Each sub plot consisting of four ridges and ten plants in each ridge were transplanted. Tomato cultivars (Super Classic, Rio-grand, Bambino and Roma) were sprayed with different concentration of calcium (0, 0.5, 1.0 and 1.5%) after transplanting and at fruit set stage as a foliar spray to minimize the incidence of blossom end rot disorder.
Field preparation
Soil was ploughed and leveled through leveling machine. Soil texture was improved by the application of recommended dose of well rotten farm yard manure (20tonsha -1 ). Urea (46% N) as a source of Nitrogen, was given in three split doses to prevent leaching. The recommended dose of nitrogen for tomato crop (112 kgha -1 ) was applied at transplantation time and after transplantation two other doses were applied. Phosphorous @ 80 kgha -1 along with potassium @ 40 kg ha -1 were supplied to the soil prior to transplantation. Before fertilizer application, soil sample was analyzed for different nutrients.
Calcium levels preparation
For preparing the required Calcium level, Formula mass of CaCl2 is 111 g which contain 36% calcium and 64% chlorine by weight. For preparing 1% calcium solution, 22.7 g of calcium chloride were dissolved in 972.3 ml water respectively and same procedure were used for other treatments. The physico-chemical analysis of soil sample of experimental plots observed (0.151% N), lime (12.7%), pH (7.81), Phosphorous (2.4%) and Potassium (0.009%).
Transplantation of seedlings
The seedlings of equal height and vigor were transplanted to the experimental field at evening time. The seedlings were immediately irrigated after transplantation and the subsequent irrigations were done after ten days interval. Different cultural practices i.e. hoeing, weeding, etc were performed regularly throughout the experiment. The data on various growth and yield parameters of tomato cultivars regarding calcium treatment as foliar spray were collected on the following parameters. Survival percentage of tomato plant in each treatment of every replication was calculated by using following formula:
. × Days were counted from day of transplanting to 1 st flower appearance in all treatments of each replication, and then their means were calculated. Means were computed by counting number of days from days to first flowering up to 1 st fruit set in all treatments of each replication. Plants height (cm) were calculated by using measuring tape in each treatment from 5 plants randomly selected plants and calculated their means. No. of branches plant -1 were counted in all treatment of every replication and their average were taken. The total productivity was recorded by the following formulae:
Percent infected fruit of each treatments in each replication was calculated by using following formula: (Figure 1 ). Fruit set is the key factor for yield and is mainly concerned with flowering. The reason for variation in number of days to fruit set could be attributed due to different response of tomato cultivars to light and temperature and also due to the genetic variation of the selected tomato cultivars.
Proper amount of carbohydrates are essential to be available for fruit set. Therefore, plants responding well to light do more photosynthesis and as a result more photosynthate is available for fruit setting. Plants utilize the excessive carbohydrates for reproductive purposes. Proper temperature is also essential for photosynthesis and fruit set occurrence because photosynthesis decreases with increase in temperature. Temperature affects the fruit set in the sense that higher temperature cause the drying of stigma surface and becomes non receptive for pollen grains which leads to failure of pollination and fertilization and ultimately leads to fail the fruits to be set. 
No. of branches plant -1
Tomato cultivars subjected to different calcium levels exhibited significantly influence on No. of branches plant -1 , whereas their interaction was found nonsignificant (Table 1 ). Maximum number of branches plant -1 (7.32) was recorded in cultivar Rio-grand followed by cultivar Bambino (6.32), while minimum number of branches plant -1 (4.84) was observed in cultivar Roma VF. Regarding calcium levels application, more number of branches plant -1 (7.26) was observed in plants sprayed with 1.5% calcium as compared to 1% Calcium (6.22) and control treatment (4.7) ( Figure 1 ).The reason for the differences in the No. of branches plant -1 could be attributed that different tomato cultivars had different morphological characters like plant height and number of branches. As calcium play an important role in uptake of certain nutrients like nitrogen and boron. Nitrogen enhanced the vegetative growth. Increase in vegetative growth resulted production of more branches plant -1 . The present results are in line with findings of [24] who reported that different morphological characters like plant height and number of branches plant -1 were different for different cultivars which influenced yield through number of fruits and fruit characters.
Total yield (tha -1 )
The statistical analysis of the data indicates that tomato cultivars and calcium levels had a significant effect on total yield whereas their interaction was found non-significant ( Table 1 ).The highest total yield (23.77 t ha -1 ) was obtained from cultivar Rio-grand followed by cultivar Bambino (22.38 t ha -1 ) whereas the lowest yield ha -1 (19.45 t ha -1 ) was noted in cultivar Roma VF. Regarding calcium level application, higher total yield (23.38 t ha -1 ) was observed when the tomato plants were sprayed @ 1.5% calcium as compared to total yield (21.92 t ha -1) at 1% Calcium and control treatments (20.05 t ha -1 ) (Figure 1 ). Yield is economical feature of crop. The reason for increase in yield might be that calcium has a vital role in meristem growth, cell elongation and nutrient uptake like nitrogen which enhanced the vegetative growth and ultimately lead to more number of leaves. The increase in number of leaves enhances the amount of photosynthetic material which resulted in higher yield. [25] Reported that a significant variation regarding total yield and growth attributes of tomato was recorded among different tested cultivars. The morphological characters like plant height and number of branches are known to influence the yield through the number of fruits and fruit characters [26] . It was observed that yield increased with calcium application. Our results are in accordance with the findings of [27] who found that the tomato produced the highest yield when calcium was used @ 300 mg L -1 than 150 mg L -1 . These results are also in accordance with [28] who concluded that production and other quality parameter were significantly affected by calcium fertilization and their deficiency caused reduction in yield. Percent infected fruits plot -1 Table 1 showed that percent infected fruits plot -1 was significantly affected by cultivars, foliar application of calcium and their interaction. The highest fruit infestation (1.70 %) was recorded in cultivar Roma VF as compared to cultivar Rio-grand (0.96 %). Similarly number of fruit infestation (1.65%) was found maximum in untreated plants with calcium which was significantly reduced by increasing the calcium level up to 1.5% (1 %) ( Figure 1) . As compared to interaction, more number of infected fruits (1.89%) were observed in cultivar Roma in control plot, whereas less percent infected fruits (0.52%) were found in tomato cultivar Riogrand treated with 1.5% calcium as foliar spray ( Figure 2) . The difference in percent infected fruits plot -1 in relation to different tomato cultivars might be due to their resistance to the disorder and environmental condition which varied the degree of infestation but however, it is interesting to know that tomato cultivar 'Roma' (the cultivar under trial) is highly susceptible to blossom end rot [28] . Calcium is the one of the important nutrient that maintains the cell integrity and cell structure which enhanced the fruit quality by increasing the fruit firmness. Foliar application of calcium significantly reduced the blossom end rot. [27] Observed that calcium application affected yield and quality parameter, further calcium deficiency reduces yield while less fruit firmness, high fruit cracking and more blossom end rot was recorded in calcium deficient plants. The results are also in close proximity with findings of [29] that regular irrigations and calcium along with phosphorus fertilizer controlled the blossom end rot infestation. Fruit firmness (kgcm -2 ) Data presented in (Table 1 ) that calcium application significantly influenced the fruit firmness, while tomato cultivar and the interaction of cultivar and calcium exhibited no significant effect on the fruit firmness of tomato. Increasing calcium level increased the fruit firmness. Highest fruit firmness (2.88 kg cm -2 ) resulted in plants applied @ 1.5% calcium, whereas lowest value of fruit firmness (2.34 kg cm -2 ) was observed in fruits of untreated plants (Figure 1 ). Fruit firmness is important quality parameter which is influenced by the foliar application of calcium application. As calcium play a vital function in up keeping of cell and retain its structure by joining the pectin component in the cell. Calcium pectate which is important cell component and play key role in postponing the degradation process. Senescence can also be control by maintaining optimum calcium level in the fruit. The results are in accordance with findings of [27] who reported softness of fruits in calcium deficit plant and positive interaction between fruit firmness and calcium application. These findings are in accordance with findings of [30] who observed an increase in fruit firmness when calcium was applied @ 300 mg L -1 .
Total soluble solid ( o Brix)
It is obvious from ( Table 1 ) that maximum value of TSS content (4.10 o Brix) was observed in cultivar Riogrand followed by Bambino (3.54 o Brix), while minimum total soluble solid content (2.56 o Brix) was recorded in Roma VF. The TSS content of tomato fruit decreased with increasing the concentration of calcium as foliar spray. TSS content of tomato decreases from 3.86 to 2.63 o Brix with increasing calcium level application from 0 to 1.5% (Figure 1 ). The highest total soluble solid content in fruits of untreated plants and the lowest total soluble solid in fruits of plants treated with 1.5% calcium might be due to conversion of starch to sugars. This change from starch to sugars precedes the fruit maturity. Calcium deficit fruits are very susceptible to ripening which can be control by maintaining optimum calcium level in the fruits. The present results confirms the findings of the [31] who observed that total soluble solid content of tomato fruits were highly affected by CaCl2 application in the storage condition, increasing the calcium concentration resulted a decrease in the total soluble solid content of tomato fruits. This is also confirmed by [32] who reported that decreased in TSS content by increasing Ca(NH3)2 and higher TSS content with low Ca(NH3)2 concentration. 
Conclusion
Rio-grand cultivar showed best response to growth attributes and yield among different cultivars of tomato. Calcium levels were found effective in reducing blossom end rot of tomato fruits as compared to control, whereas calcium level 1.5% was found more effective among all levels. The tomato cultivar Rio-grand and foliar application of Calcium @ 1.5% is recommended for better yield and quality production of tomato under the agroclimatic condition of northern region Swat valley. 
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